Isospin symmetry or charge independence in the N N system refers to the invariance of the N N interaction under arbitrary rotations in isospin space (isospace). Charge symmetry, which is a less restrictive symmetry, refers to the invariance of the interaction under a 180" rotation about the "2" axis in isospace. On the fundamental quark level, charge symmetry breaking (CSB) arises from the difference in the up and down quark masses and from the electromagnetic interaction among the quarks. The charge symmetry operator relates the up and down quarks as P,,Iu> = -Id> and P,,Id> = Iu>lv2. A detailed study of CSB, which shows at what level and how this symmetry is broken, will provide stringent constraints on N N potential models based on meson exchange theory and give insight into the applicability of such models at short distances. This will help to form a bridge between the meson-exchange based phenomenological N N potential models and the theory of quantum chromodynamics.
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Isospin symmetry and charge symmetry breaking were first observed in the difference of the low energy N N scattering parameters2a3 and in the binding energy differences of mirror nuclei. The latter is the well-known Okamoto-Nolen-Schiffer effect4v5.
The non-zero difference of the IS, scattering lengths, $(ufn + uN) -u$ = 5.7 f 0.3 fm, shows charge independence breaking and the much smaller difference, arn -aN P'I = -1.5 f 0.5 fm, shows charge symmetry breaking, with the superscript "N" denoting PP *Written version of an invited talk given'by W.T.H. van Oers.
AST 1 the nuclear interaction part with the purely electromagnetic contribution removed2.
The Okaxnoto-Nolen-Schiffer effect is clearly seen in the 71 keV difference of the binding energies of 3H and 3He after subtraction of electromagnetic effects2. However, conclusions from the latter two comparisons are clouded by non-negligible theoretical uncertainties, mainly in the corrections for the Coulomb interaction.
Studies of charge symmetry breaking in n p elastic scattering have a unique advantage due to the absence of the Coulomb interaction. Charge symmetry in n p elastic scattering leads to the separation of the isospin-singlet and isospin-triplet states. This in turn, leads to the decoupling of the spin-singlet and spin-triplet states and the equality of the analyzing powers6 when polarized neutrons are scattered from unpolarized protons and vice versa. Any non-zero difference of the analyzing powers, AA A, -A,, where the subscripts denote the polarized nucleon, is clearly evidence for CSB. In n p elastic scattering CSB is a manifestation of class IV forces in the classification scheme of Henley and Miller7 which mix the isospinsinglet and isospin-triplet states. Earlier measurements of CSB in n p elastic scattering include the first such experiment ever at 477 MeV' which yielded a result of N N potential model^'^-^^. In these calculations the major contributions to AA stem from (1) the interaction of the proton current with the neutron magnetic moment (one photon exchange), (2) the n p mass difference affecting charged pion exchange, and (3) the short range p" -w mixing. Other smaller contributions include the n p mass difference affecting p exchange and two-pion exchange, and other indirect quark effects. . A contribution corresponding to T -y exchange has been evaluated recently and is found to be small15. While these theoretical calculations agree with earlier experiments, concerns16 have been raised regarding the application of on-shell meson mixing amplitudes to off-shell virtual processes such as p" -w mixing. Various calculati~nsl~ have shown that off-shell effects have a significant influence on the contribution of p" -w mixing to the observed difference of the analyzing powers. On the other hand, it has been pointed 0ut2J4J8 that all available experimental results support theoretical calculations employing on-shell meson mixing amplitudes.
The experiment was performed with a 347 MeV neutron beam scattering off a frozen-spin proton target (FST). The neutron beam and the proton target were alternately polarized for the measurements of A, and A,, respectively. Identical beam and target properties (except polarization) and the same detection system were used for the interIeaved measurements. Scattered neutrons. and recoil protons were detected
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Portions of this document may be illegible in electronic image products. Images are produced from the best available original document. Throughout the data taking periods, the various system parameters, such as the proton beam energy, the proton and neutron beam positions, the beam and target polarizations, and the precession magnets and holding field settings were kept within specified strict limits in order to maintain stringent control of possible sources of 4 systematic errors. A full cycle of data taking, which took four days to complete, consisted of different beam and FST polarization states, different FST holding field directions, and reversal of the last spin precession magnet polarity. This optimized the cancellation of systematic errors. To study background, data were taken with carbon beads of an equivalent target thickness replacing the butanol beads in the FST, with the rest of the target and its operational conditions unchanged.
Data analysis proceeded through the following phases: a) assessment of the sources of systematic error; b) extraction of the elastic np scattering events, the asymmetry angular distributions, and the zero-crossing angles of the asymmetry angular distributions; c) corrections for the contributions due to quasi-elastic (n, np) background and for the difference in the eflective average neutron beam energy for the polarized and unpolarized phases arising from the neutron energy-polarization correlation.
To identify free np elastic scattering events cleanly, recoil proton and scattered neutron tracks were reconstructed. Their kinetic energies were calculated from the respective TOFs from the target to the Ecounters or neutron detector arrays. Distributions giving unambiguous signatures of two-body kinematics were constructed. The kinematical variables tested consisted of opening angle, coplanarity angle, horizontal momentum balance, and the kinetic energy sum of the coincident neutron-proton pairs. Momentum dependent x2 distributions were calculated to account for broadening of the kinematical variables due to multiple scattering. Various cuts were applied to either the individual x2 distributions or to a summed x2. Approximately 25% of the total events passed'the cuts applied.
The holding field of the FST caused either a clockwise or a counterclockwise deflection of the recoil protons ranging from 1.0" to 1.8". From the regions where the left and right detection arms covered the same range of angles (comprising 91% of the np elastic scattering events), the scattering asymmetries were extracted as a function of and '(-" superscripts denote the spin states, and the quantities "L" and "R" denote the counts for left and right scattered events in a particular angle bin. The zerocrossing angles, e, , were deduced from fits to the asymmetry angular distributions. To calculate AA from the measured AO,, dA/dO is required. Because dA/dO as given by various phase shift analyses exhibits large variations and the FST polarization is known to about 3% of its value, the experimentally determined dA/dB was considered superior to estimates from phase shift analyses. CSB has a negligible effect on the value of dA/dO compared to the experimental uncertainty in the FST polarization.
Monte Carlo simulations were made to study the neutron beam production reaction D($, Z ) 2 p The simulated neutron beam profile and energy distributions were proton scattering angle (6,) using the formula 6 = s, where r = 4 E . The second systematic error quoted for A A arises from the uncertainty in the experimentally determined slope of the analyzing power. 
